3'-Hydroxypterostilbene (3'-HPT) is one of the active constituents of Sphaerophysa salsula and Pterocarpus marsupium. Despite many proposed therapeutic applications, the safety profile of 3'-HPT has not been established. The present work investigated 90 day repeated oral dose and reproductive (developmental) toxicity of 3'-HPT as a test substance in rats as per OECD guidelines. 90 day toxicity was conducted in sixty Sprague Dawley rats of each sex (120 rats), grouped into six dosage groups of 0 (control), 0 (control recovery), 20 (low dose), 80 (mid dose), 200 (high dose) and 200 (high dose recovery) mg/kg bwt/day (body weight/day) respectively. For the reproductive toxicity study forty Wistar rats of each sex (80 rats) divided into four dosage groups received 0 (vehicle control), 20 (low dose), 100 (mid dose) and 200 (high dose) mg/kg bwt/day of 3'-HPT respectively for a period of two weeks while pre-mating, mating, on the day before sacrifice, in females during pregnancy and four days of lactation period. Results showed no significant differences in body weight, food intake, absolute organ weight, haematology, with no adverse effects (toxicity) on biochemical values nor any abnormal clinical signs or behavioural changes were observed in any of the control/treatment groups, including reproductive and developmental parameters, gross and histopathological changes. In conclusion, the results suggested a No-ObservedAdverse-Effect-Level (NOAEL) of 200 mg/kg bwt/day in rats after oral administration, implying 3'-HPT did not exhibit any toxicity under the study conditions employed.
Introduction
3'-Hydroxypterostilbene (3'-HPT) is a naturally occurring stilbenoid molecule present in the plants Sphaerophysa salsula [1] , Pterocarpus marsupium and also in Honey Bee propolis (bee glue) [2] . Sphaerophysa salsula (Pall.) DC (Leguminosae) is a shrub widely distributed in the Central-Asia and in the northwest of China. It is used as a folk medicine for the treatment of hypertension in China [1] . 3'-HPT is an analogue of another natural stilbenoid pterostilbene a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 which belongs to a class of compounds known as phytoalexins. Since pterostilbene is widely recognized for its anti-cancer and anti-diabetic properties, it is important to evaluate the toxicological role of its metabolites, as 3'-Hydroxypterostilbene has been found be one of the urinary metabolites of pterostilbene in mice [3] . Stilbene compounds like (trans-) resveratrol and piceatannol are widely distributed in nature. In view of their extensive range of biological activities such as cardioprotection and cancer chemopreventive properties, they have become of special interest to biologists and chemists. The trans-resveratrol-like natural stilbenoids have shown remarkable anti-cancer activity higher than resveratrol (Fig 1) . 3'-HPT for example, is reported to be 50 to 97 times more potent than trans-resveratrol in eliciting significant apoptotic action on tumour cell lines and is markedly more active than pterostilbene in inducing apoptosis in sensitive and multi drug-resistant (MDR) leukemia cells [4] . Based on structure activity relationships, the importance of 3,5-dimethoxy motif in conferring pro-apoptic activity on leukemia cells has been recognized [5] . Pterostilbene and 3'-HPT possess the necessary 3,5-dimethoxy motif. Among these, 3'-HPT is an interesting natural compound which may be useful in treating different types of haematological malignancies as it is reported to possess a 'privileged' structure [4] motif of 3,5-dimethoxy group in addition to incorporating a piceatannol skeleton. 3'-HPT is a trans-stilbene molecule containing two methoxy groups in one ring and two hydroxy groups in the other ring. Recent research also revealed that 3'-HPT enhances the SIRT1 polypeptide activity and inhibits adipogenesis more effectively than resveratrol or its natural methoxylated derivative pterostilbene [6] . The antioxidant activity of 3'-HPT is approximately 30 times more potent than resveratrol, 70 times more than vitamin E, 80 times more than vitamin C and 90 times than BHT (butylated hydroxytoluene, the commonly used synthetic antioxidant) [7] .
An important factor that hampers the utility of resveratrol as a dietary supplement is its questionable stability on storage [8] . In evaluating the structure-activity correlation, 3'-HPT possesses the skeleton structure of piceatannol, a known and active metabolite of resveratrol. The dimethoxy-substitution seems to confer relative stability on the molecule [9, 10] . 3'-HPT has been reported to be an excellent anti-proliferative and anti-apoptotic compound [5] and less toxic on normal haemopoietic stem cells than on leukemia and lymphoma cells [4] . In spite of the beneficial pharmacological and health promoting properties of 3'-HPT, there is a lacuna in information on its safety (toxicity) profile. Hence, the current study targeted at a or ClinWorld are articulated in the 'author contributions' section.
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90 day repeated dose oral toxicity as well as a reproductive/developmental toxicity of 3'-HPT was performed.
Materials and methods

Chemicals and analysis of 3'-HPT
The chemicals and solvents used throughout the study were of analytical grade. The test item 3'-HPT was provided by Sami Labs Ltd., (Bengaluru, Karnataka, India). The 3'-HPT as provided was obtained through the steps disclosed in the US patent no. US 9458075 B1 [11] . The 3'-HPT as obtained had the following specifications and structural analysis was performed using IR spectrum, proton NMR, carbon NMR and mass spectrum. Analysis using HPLC indicated that the compound obtained was 98.31% w/w pure and was off white in color. Microbiological profile revealed negative for total yeast, E. coli, Salmonella spp., Staphylococcus aureus, Pseudomonas aeruginosa and Enterobacteriaceae when tested. Obtained compound was stable at 25 ± 2˚C and 60 ± 5% RH conditions when tested for a period of three years. Compound was also found stable when tested at accelerated conditions 40 ± 2˚C and 75 ± 5% RH for a period of 6 months. Its molecular formula, the molecular weight being C 16 H 16 O 4 and 272.30 respectively, having the CA index name:
Animals
For reproductive/developmental toxicity study-young healthy adult Wistar rats aged 12-13 weeks at the time of mating as sourced from Dabur Research Foundation (DRF) animal facility and for 90 day repeated dose oral toxicity study-Sprague Dawley (SD) rats aged 6-8 weeks sourced from Bioneeds animal facility were used. These were housed in a controlled environment of temperature (22 ± 3˚C) and relative humidity (RH) (50-60%), with photo periods of 12/12 h light-dark cycles. Provided with pelleted diet (Golden Feeds, New Delhi, India), filtered water ad libitum. Housing in cages: For reproductive/developmental toxicity study, five animals of same sex per cage before mating, two animals per cage of each sex during mating and pregnant females were individually housed with soft nesting material. For 90 day repeated dose oral toxicity study, two animals of same sex per cage were housed during acclimatization and study period.
Ethics
Both 90 day repeated dose oral toxicity and reproductive/developmental toxicity studies were performed in strict accordance with the recommendation of the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) guidelines for laboratory animal facility, and as per OECD guideline 408, 421 respectively [12, 13] . The individual protocol was approved by the Institutional Animal Ethics Committee (IAEC) of Bioneeds (Registration No. 969/bc/06/CPCSEA) and Dabur Research Foundation (DRF) (Registration No.64/PO/br/ s/99/CPCSEA) respectively. The animals were euthanized using carbon dioxide asphyxiation, and all efforts were made to minimize suffering.
Dosing
The test item 3'-HPT was freshly prepared and daily administered orally after suspending it in corn oil (mg/kg/bwt).
day repeated dose oral toxicity study
Experimental design. The dose formulations, vehicle were administered to the treatment and recovery group animals ( Table 1 ). Dose formulations, vehicle were administered by oral gavage once daily, to the respective groups, at the same time each day (varying by ± 2 h) for a period of 90 days with the actual volume calculated based on the recent body weight recorded at weekly intervals. There was no administration of test item formulations / vehicle during the 28-day recovery period in order to permit evaluation of the persistence, reversibility or delayed occurrence of toxic effects.
Clinical observations. All treated, control rats were observed twice (morning and afternoon) daily for clinical signs and mortality for a total period of 90 days. The body weight of each rat was recorded prior to treatment on day 1, weekly thereafter and at end of the 90 day study. Group mean body weights were calculated. The food consumption of all rats in each cage was recorded from day of commencement of treatment and average weekly consumption was calculated. During post-treatment period, food consumption was recorded weekly for recovery group rats.
Neurobehavioural assessment. The neurological examination was carried out on all the animals in twelfth week of the study. The neurobehavioural assessment (functional examination) of sensory reactivity to different types of auditory, visual and proprioceptive stimuli (landing foot splay, righting reflex, and gait), assessment of grip strength and motor activity assessment were recorded ( Table 2) . At the end of treatment all surviving animal were fasted overnight with water given ad libitum.
Ophthalmological examination. Ophthalmological examination was carried out at the beginning and at termination of the study for all the groups.
Haemotology and clinical chemistry. Blood samples were collected in EDTA tubes for determination of haematological parameters (Table 3 ) and heparin tubes for clinical chemistry (Table 4) .
Necropsy/Gross pathology and organ weights. On completion of 90 days and 118 days in case of treatment and recovery periods respectively, all surviving rats were fasted overnight, subjected to complete necropsy, weighed before exsanguination, and gross pathological examination was performed. The organs thus collected (Table 5 ) from all animals were trimmed of adherent tissue, fat as appropriate and weighed wet as soon as possible to avoid drying.
Histopathology. Histopathological examination was performed on tissues of all animals from the control and the high dosage group, sacrificed at scheduled termination. The tissues / organs (Mesenteric lymph node, thymus, trachea, lungs, heart, thyroid, stomach, small intestine, large intestine (colon), liver, spleen, kidneys, adrenals, epididymides / uterus, testes / ovaries and 
Sex
Total Leucocyte Count (10 3 cells/μl) M 14.9 ± 2.8 15.6 ± 3.2 14.4 ± 3.1 14.9 ± 2.3 15.5 ± 2.7 17.7 ± 1.5
0 ± 0.6 6.6 ± 0.6 6.8 ± 0.7 6.7 ± 0.6
Haemoglobin (g/dl) M 13.2 ± 0.6 13.1 ± 0.6 13.2 ± 0.8 13.0 ± 0.5 12.9 ± 0.7 13.7 ± 1.0 Reproductive/Developmental toxicity study Experimental design. The animal groups (Table 6 ) of each sex were dosed once daily for a period of two weeks while pre-mating, mating, on the day before sacrifice and in females 3'-hydroxypterostilbene: 90 day oral, reproductive/developmental toxicity during pregnancy and four days of lactation period. Mating ratio of 1:1 (one male to one female), was allowed by housing them in single cages, subsequently the female animals were caged individually upon confirmation of pregnancy. Clinical observations. All animals were observed once daily throughout the period of study for clinical signs of toxicity. Rats were observed for clinical signs like changes in skin and fur, eyes, breathing, mucous membrane, occurrence of secretions and excretions, changes in gait, posture and presence of any abnormal behaviour (data not included). All animals were weighed on the first day of dosing, subsequently weekly once and at study termination. During pregnancy, females were weighed on day 0, 7, 14 and 21, 24 h of parturition and on day 4 post partum. Pups which were alive were counted, sexed and weighed within 24 hours of parturition and on day 4 post partum. The quantity of food consumed by the animals (g/rat/day (d)) of the treatment group was measured during in-life phase (pre-mating, pregnancy and lactation) of the study. The food consumed was recorded for each animal per dose group on weekly basis. Necropsy, gross pathology, organ weights and histopathology. The rats to be sacrificed at term (males on day 32 and females on day 54) were anaesthetized, weighed and exsanguinated. During necropsy, the animals were examined visually (macroscopically) for any abnormalities or pathological changes. The organs showing macroscopic lesions were preserved and further subjected to microscopic examination. Special attention was paid to the reproductive organs to detect abnormalities, if any. The number of corpora lutea and implantation sites were recorded. The reproductive organs were removed (ovaries, testes, uterus and epididymides), examined, the weight of these organs were recorded as absolute values and subsequently placed in Bouin's fixative for histopathological examination. Histopathological and gross lesions examination was carried out on the preserved tissues of vehicle control (RG1) and high dose (RG4) group.
Statistical analysis
The data (body weight, food intake, organ weights, haematology and clinical chemistry) generated from the 90 day repeated dose oral toxicity and reproductive/developmental toxicity study was subjected to statistical analysis using GraphPad prism version 5.00 (2007), GraphPad Software, USA. The statistical analysis of the 90 day repeated dose oral toxicity experimental data was carried out using one way ANOVA with Dunnet's post test done for different treatment groups comparing with the control group data. The unpaired 't'-test was done for control recovery and high dose recovery group data. All analysis and comparisons were evaluated at 5% (P<0.05) level. The statistical analysis of the reproductive/developmental toxicity experimental data was carried out for differences among treated / control groups using one way ANOVA.
Results
day repeated oral toxicity
The 90 day repeated oral toxicity in SD rats was evaluated with the 3'-HPT being administered orally in corn oil (vehicle) to the treatment group animals at different doses per kg bwt/day except control group (NG1) and control recovery (NG2) groups (Table 1 ). The vehicle and 3'-HPT administration to control recovery and high dose recovery (NG6) group animals respectively was stopped after 90 days of administration and observed for another 28 days to evaluate the effects during recovery period.
Changes in body weight and food consumption. The body weights of the rats were monitored from day one till the end of thirteen weeks (90 days) (Fig 2) . At the end of first week the mean body weights of both male and female rats were found to have increased following treatment. The final mean body weights in the male rats were higher than that in the female rats. The overall changes in body weight among the groups within both male and female rats were found to be not statistically significant. Food consumption was monitored from the first week for all groups NG1 to NG6 till the end of thirteen weeks (90 days) and was found to be comparable across all the test groups (data presented in S1 Fig). A slight decrease (not statistical significant) in the mean average food consumption was observed in the high dose group (NG5: 7.96 ± 1.70 g/rat/day) as compared to the vehicle control group (NG1: 11.16 ± 1.59 g/rat/day) at the end of first week in males (S1A Fig). A similar trend (not statistically significant) was observed in females (S1B Fig), in the mid dose group (NG4) with the mean average food consumption being 6.93 ± 0.99 g/rat/day at end of thirteenth week compared within the group at 9.09 ± 0.67 g/rat/day at end of first week, but the thirteenth week value of NG4 group was comparable to the value of vehicle control (NG1: 7.00 ± 0.51 g/rat/day) at the end of week thirteen. However, no significant differences in mean average food consumption were observed in both males and females in any treatment groups compared to that of the respective control groups.
Neurobehavioural assessment. Functional observational battery tests such as visual response, auditory response, gait, landing foot splay, righting reflex including grasping strength and locomotor activity measures performed (Table 2 ) on all test item treated group rats up to the highest dose (200 mg/kg bwt/d) did not reveal any treatment related abnormalities.
Ophthalmic examinations. No treatment-related ophthalmic findings were observed in control animals or treatment animals of both sexes (data not included).
Haematology and clinical chemistry. The haematological data (Table 3) of the control and treated rats on repeated oral treatment for 90 days did not cause any significant changes in any of the haematological parameters at all the doses tested. However, in clinical chemistry a significantly lower (P<0.05) Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) in high dose (NG5) and high dose recovery (NG6), in both male and female groups during treatment was observed with all the other biochemical parameters remaining unaffected (Table 4) .
Necropsy/Gross pathology, organ weights and histopathology. No gross lesions during necropsy were observed in any of the animals in treatment and recovery groups, indicating that the test item did not cause any lesions systemically (data not included). None of the animals in treatment and recovery groups showed any variations in mean value of the absolute organ weights (Table 5 ) compared to respective control groups indicating that the test item did not had any adverse effects on organ weights. None of the animals in any of the groups showed any histological changes during evaluation, indicating that the test item did not cause any histological changes in the tissues (data not included).
Reproductive/Developmental toxicity study
To evaluate the reproductive/developmental toxicity, control animals were administered only with corn oil, while the other treatment groups were administered with the test item i.e. 3'-HPT at different dosages per kg bwt/d (Table 6) .
Body weight changes and food consumption. Males and females (during pre-mating period) exhibited an increase in body weight during the study period with the female body weight not being affected by the administration of 3'-HPT during the gestation and lactation period and was comparable with the control group (data not included). The changes in food consumption (g/rat/d) of both sexes during pre-mating was not statistically significant and comparable to the control group and that of the females (g/rat/d) during the gestation, lactation period was comparable to the control group (data not included). Mean body weight of both male and female pups remained unaffected during lactation period (Table 7) .
Necropsy/Gross pathology, organ weights and histopathology. The animals were evaluated via gross visual observation, the male and female genitals and other organs with gross lesions were subjected to microscopic examination. Histopathology of the tissues of control and high dose groups did not show any test item related abnormality across all groups. The ovaries and epididymides did not show any test item related abnormality. However, the testes from the high dose group showed a mild increase in the number of seminiferous tubules with a mean value of 1.6% as against the control mean value of 0.3%. One uterus from the high dose group showed pronounced infiltration of endometrial tissues by eosinophils. The absolute organ weight of males (testes and epididymides) and females (ovaries and uterus) were not affected and found to be comparable with the control group (Table 8) after oral exposure to 3'-HPT. The mean number of implantations, mean number of corpora lutea (Table 9) , number of pregnancies, number of dams littered, gestation length and number of days of pregnancy (Table 10 ) remained unaffected by the daily oral exposure of 3'-HPT. Females across groups showed normal pregnancy (in days). No dose dependent changes were observed in pre-coital interval, percentage of pre and post-implantation loss in all treatment groups (Table 10 ).
Discussion
3'-HPT an analogue of resveratrol is found naturally in plants such as Sphaerophysa salsula [1] , Pterocarpus marsupium, and Honey Bee propolis (bee glue) [2] . The health benefits of stilbenoid compounds such as resveratrol are well established. Various pharmacological activities 3'-hydroxypterostilbene: 90 day oral, reproductive/developmental toxicity have since been associated with this compound and its close analogues (pterostilbene and 3'-HPT) have been the subject of numerous studies [2] . However, 3'-HPT was found markedly more active than the above compounds, displaying a low toxicity on normal haemopoietic stem cells [4] . 3'-HPT has been evidenced to have anti-adipogenic, anti-inflammatory, antioxidant, Histone Deacetylase (HDAC), and Sirtuin 1 (SIRT1) inhibitory activity. Collectively, the increased anti-oxidant, anti-adipogenic activity, cell selectivity and COX-2 specificity of 3'-HPT was found in support of its activity in preventing cardiovascular and pulmonary diseases. Coupled with HDAC and SIRT1 inhibitory activity, 3'-HPT has been found to demonstrate protective effects from neurodegenerative diseases and select cancers [14] . In spite of the several beneficial and therapeutic properties proposed, studies evaluating the toxicity of the 3'-HPT have not been reported. Hence the current study was proposed.
In current 90 day repeated oral toxicity study, all the animals were observed for health status, clinical signs of toxicity and mortality; weekly detailed veterinary examination (data not included) and subjected to neurological assessments. Body weight changes observed in both the sexes at 200 mg/kg bwt/d especially in the males (NG5) during the first week was considered as non adverse as this was not a common observation in other groups. Also the slight decrease in the food consumption observed in the high dose group (NG5) at the end of first week in males and in the mid dose group (NG4) in females at the end of thirteenth week was not statistically significant for both males and females and was comparable across the groups in the subsequent weeks in case of males, and in case of females comparable across other treatment groups including vehicle control group (NG1) inferring that the 3'-HPT treatment did have any statistically significant effect on the food consumption in rats and was unrelated to body weight of both sex. The functional observational battery tests related to the neurobehavioral assessment were not affected as no treatment related abnormalities were observed even at the highest dose (NG5) of 200 mg/kg bwt/d. The same was true with the ophthalmic examinations with no changes observed in all the groups. The haematological data was comparable at all doses tested with no significant changes observed in other clinical chemistry parameters estimated in all the groups. The lower values observed in the Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) in high dose (NG5) and high dose recovery (NG6), in both male and female groups during treatment were shown to be of non-pathological importance, however, there were no changes observed in the AST and ALT concentrations at the end of recovery period, hence considered to be non adverse as the decrease in serum AST and ALT concentrations has not been shown to be a pathologically important phenomenon which was unlikely to be caused by the oral exposure to 3'-HPT. Necropsy, gross pathology and histopathological examination of tissues and organs did not reveal any pathological changes. In treatment and recovery groups, the mean absolute organ weight of male and female rats at necropsy observed for liver, kidneys, brain, spleen, heart, thymus testes/ovaries, epididymides/ uterus, and adrenals, did not show any statistically significant variations in absolute organ weights suggesting that the test item did not have any evident toxicological effects upon administration. The reported results showed that the No-Observed-Adverse-Effect-Level (NOAEL) of 3'-hydroxypterostilbene in SD rats, following repeated 90 day oral route administration was found to be 200 mg/kg bwt.
In reproductive/developmental toxicity study the animal groups of each sex were dosed for a period of two weeks while pre-mating, mating, on the day before sacrifice and in females during gestation and four days of lactation period. Increase in the body weight of male and female rats during pre-mating period and the comparable weights of the female body weights with the control group during the gestation period, the food consumption being comparable among both sexes during pre-mating and in females during gestation to control groups, with the mean body weights of the male and female pups remaining unaffected during lactation period suggested the absence of any adverse effects or dose associated changes on the body weight, food consumption, mean body weight of pups following repeated oral dosing of 3'-HPT.
The histopathology of the tissues (genitals) of all high dose (RG4) and control (RG1) groups lacked any abnormalities owing to the exposure to the test item. A mild increase in the mean value of the number of seminiferous tubules of the testes in high dose group (RG4) compared to the controls (RG1) was not a common observation in other dosage groups; infiltration of endometrial tissues in one of the high dose group observed indicated an allergic reaction. However, as there was no change in the absolute organ weight of males (testes and epididymides) and females (ovaries and uterus) which indicated that the findings were incidental and not dose dependent, suggesting that the changes were not toxicologically relevant to the test item. The lack of maternal toxicity with no changes in number of pregnancies, number of dams littered, gestation length, number of days of pregnancy, mean number of implantations and corpora lutea being comparable across the groups with no significant differences observed in percent of successful implantations between control and treatment groups was further evident with majority of the females across groups showing normal pregnancy equal to 22 days. Also no changes in the pre-coital interval, percentage of pre and post-implantation loss in all treatment groups showed lack of dose dependent changes. From the results obtained in the present reproductive/developmental toxicity study, 3'-HPT was found to be safe at the doses of 20, 100 & 200 mg/kg bwt in Wistar rats when administered orally.
To conclude the study was performed as per OECD guideline 408, 421 respectively in rats and based on the above results, which showed no overt toxic changes in both 90 day and reproductive toxicity study, it could be suggested that a repeated oral exposure to test item 
